for both are rem arkably stable bodies, and both can be obtained easily, and in a perfectly pure condition. They are also without action on. each other.
The benzene was produced by the distillation of calcium benzoate w ith lim e ; it was dried by cohobation w ith sodium for four days, and then distilled. I t boiled at 81°'4 at a pressure of 750 millims. The ether was also cohobated w ith sodium for four days, and boiled at 34°'4.
The pressure-apparatus resembled th a t used by Dr. Andrews in his experiments on the critical state of carbonic acid, somewhat modified to suit the altered conditions. The gauge for measuring pressure was a carefully calibrated therm om eter tube w ith round bore. No correc tion of capacity was necessary to allow for a conical space a t the end, as is usual w ith air manometers, for the sealing of the tube was accomplished by draw ing up a plug of fusible metal, and allowing it to solidify.
As the gauge lay horizontally, no correction was necessary for varying height of m ercury. I t was carefully filled w ith dry air, after its capacity had been ascertained by filling it w ith mercury, and sub sequently weighing the m ercury. The probable error of the volume of one division is 0 '23 per cent., and the probable error of the total capacity 0*084 per cent. The measurements of pressure may therefore be regarded as a close approximation to absolute correctness, and as perfectly correct relatively to each other.
The tem perature was corrected for the m ercury outside of the heat ing apparatus, and after the experiments were over, was compared w ith a good unused new thermometer. The readings did not differ by more than 0*5 degree.
The liquid to be examined was contained in a piece of very narrow barom eter-tubing, graduated in millimetres, and was introduced at a tem perature close to its boiling point, after a portion had been boiled off, so as to ensure absence of air. W hile entering the experimental tube the liquid never came in contact' w ith air, and from the results of experiments it appears th at none was present.
Observations of the condition of the liquid experimented on, and readings of its volume, were taken by means of a telescope placed ibout one foot from tbe tube. The readings to tenths of divisions are computed by eye, and are only approxim ately correct.
I 'phe tube containing liquid was heated in a copper block, in which L slit was cut open a t the upper surface of the block, to perm it observations being taken. The block was covered w ith a plate of {glass and heated. I t was found possible to keep the tem perature {constant to w ithin ^gth of a degree for several hours by this {arrangement.
Benzene was selected for the first set of experiments. W hile tem perature was kept constant, volume was altered, and the corresponding pressure noted. The volumes are given in divisions of the tube, for the bore was alm ost perfectly uniform, and the unavoidable error in reading more th an compensated any correction which m ight have been made.
The num bers refer to the curves on the accom panying w oodcuts; the curves are isotherm al. The pressure corresponding to each change j of volume forms the ordinate of th e curve, and the volume itself the i abscissa. ? 880.] On the Critical Point. 
gggm ■

66-48
t may be rem em bered th a t D r. A ndrew s, in bis " R esearch on Carbonic A nhydride," never obtained the gas absolutely free from a ir, , consequently, in dim inishing the volume of his gas, in contact w ith its liquid, he alw ays noticed th a t a slight increase o f pressure was neces-\ sary. I f th e curves representing th e behaviour of benzene undersimilar circum stances be referred to, it will be noticed th a t th e pressure actually is reduced, in producing dim inution of volume, in Curves I, I I , I I I , and IV . A relic of th e same form of curve rem ains in the behaviour of a m ix tu re of e th e r and benzene, b u t no trace is observable in the behaviour of ether. T he explanation appears to be that the molecules, when th e gas has been com pressed to a certain extent (very shortly before all gas is condensed to liquid), begin to exert some attrac tio n fo r each other, and consequently relieve th e pressure. The explanation of th e fac t th a t this phenom enon is notice able in the case of benzene, b u t no t w ith ether, is perhaps connected with th eir different behaviour a t h ig h er tem p e ra tu re s : th e m eniscus of benzene is alw ays easily distinguished, even up to its vanishing p o in t; whereas th a t of eth er soon becomes extrem ely m ist-like and hazy. I have little doubt th a t m any o th er substances, w hen heated u n d e r pressure in a condition absolutely free from the adm ixture of any o th e r gas, will show similal* results.
Probably, closely connected w ith th is observation, is a n o th e r:-namely, th a t it is possible, a fte r condensing all gas to liquid by p res sure, to lower th e pressure very considerably w ith o u t ebullition of th e liquid, and consequently w ith o u t form ation of gas. A t a tem p eratu re of 228° for instance, i t is possible g rad u a lly to reduce th e pressurefrom 29 to 22'4 atm ospheres w ithout any evolution of gas in th e case of benzene; sudden ebullition th e n tak es place, a n d the pressure rises to 29'3 atm ospheres, th e volum e a t th e same tim e . suddenly increasing to 65. This behaviour is represented by a dotted line in th e diagram representing th e isotherm for benzene.
The d o tted line in th e second isotherm represents a sim ilar phenom enon ; th e pressure could be reduced to 35*4 atm ospheres before sudden ebullition took place. At higher tem peratures, a very slig h t reduction of pressure caused ebullition, b u t th e phenom enon could still be noticed, although no attem pt to m easure it was made. T he same phenom ena were noticed with ether, and are also exhibited on th e diagram .
I t is necessary, before discussing th e results of these observations,, to give some tables, showing th e relative proportions of gas to liquid at the various tem peratures chosen \always, was possible to distinguish th e tw o states of m a tte r easily from each other. I have th o u g h t it sufficient to reproduce m erely those of benzene and of its m ixture w ith eth er ; for the behaviour of eth er does not m aterially differ from th a t of th e m ixture. The curves con structed to exhibit these relations graphically have for th eir ordinates the volumes of liquid capable of existing a t p articular temperatures, the latte r being represented as abscissae. The curves may be termed •curves of e q u i v o l u m e, for th e total volume of gas and liquid was m aintained constant through each. The critical p o int.-T he critical tem perature of benzene lies about 291°*7. A t th a t tem perature, no decided m eniscus could be pro duced by slowly alterin g th e volum e of th e substance, b u t th e tu b e rem ained full of flickering striae. O n increasing volum e from 50 to 70, the flickering striae disappeared, and th e m a tte r contained in the tube appeared to be wholly converted in to gas. O n th e other hand, hy dim inishing th e volume to 35 divisions, th e flickering appearance again vanished, fo r th e whole of th e contents of th e tu b e were con densed to liquid. A t higher tem p eratu re, no line of dem arcation be tween liquid and gas was observable.
This observation, and sim ilar ones m ade w ith eth er and w ith a m ixture of benzene, contradict th e statem ent m ade by m e in a note published in th e " Proc. Roy. Soc.," vol. 30, p. 323, I stated th ere th a t th e tem perature a t w hich the m eniscus disappears depends on the relative volum es of the liquid and gas. I have now to acknowledge th a t the observations on which th is statem ent w ere Dr. W . R am say.
[Dec. 16, based, lead to an opposite conclusion w hen correctly explained. Th© heat in these experim ents was im parted to the tubes through a large block of copper, in grooves in w hich the tubes were placed. I have n# doubt th a t the tem perature of the copper block represented accurately th a t of the tubes ; b u t not that of the liquid contained in the tube. W hen the tem perature of the tube is raised, however slowly, evapora tion of the liquid in the tube ensues, and tim e is required for evapora tion. D uring this time, th e tem p eratu re of the copper block is risin g ; and w ith a tube insufficiently filled, it appears necessary to allow a longer tim e fo r evaporation, th an w ith one containing more liquid. On reading tem perature w hen the m eniscus vanishes in the former <;ase, it will appear hig h er th an in th e latte r. The difference is ac counted for by the fact th a t d u rin g evaporation, the tem perature of the ■copper block is continually increasing. T his would point to the con clusion th a t a considerable am ount of heat m ust be absorbed, even under such circumstances, in order to convert liquid into gas, and thus th a t th e laten t heat of vaporisation is still considerable, even at tem peratures so near the critical point. The critical change fo r benzene occurs a t a tem perature of 291°' 7, a n d a t a pressure of 60'3 to 60'5 atmos'pheres, and the isotherm at this p o in t is represented in Curve V I I of Table A. Between the volumes c f 90 and 60 it is evident th a t gas is being compressed, for pressure rises regularly. B u t from 60 to 38 the rise of pressure required to produce dim inution of volume is smaller proportionately to the effect produced, and afte r the volume 38 has been reached the pressure rises m uch m ore rapidly. And, on referring to Table D and to the accompanying diagram , it is also to be rem arked that, w hen the volume is -60, or greater, the curve of equivolume represents the total evapora tion of the substance. W ith a volume of 50, th a t particular propor tion of gas to liquid appears to be reached a t which evaporation alm ost exactly balances expansion, and n eith er to tal evaporation nor total expansion takes place, b u t th e ratio of gas to liquid appears to rem ain unaltered. W ith volumes of 40 and 35 divisions of the tube total expansion takes place, and th e tube, above a certain tem perature, must become filled w ith liquid. Above the tem peratures represented in Table D , it becomes impossible to distinguish liquid from gas, for the meniscus has disappeared. B ut 1 can see no reason for assuming a p articu lar state of m atter un d er such circumstances. In the prelimi nary note already referred to, I described an experim ent, in which liqpid and gas were k ep t separate for some tim e by means of a capillary tube, and in w hich even after the meniscus of the liquid had disappeared, u solid, adhering to the wall of the tubes containing presum ably only gas, refused to dissolve. This experim ent has been frequently repeated, w ith identical results ; it is, perhaps, m ost striking when the fluorescent ■colouring m atter, eosine, is used as the solid. Eosine fluoresces only vhen in solution; when dry, it is a red pow der; and when alcohol containing eosine in solution is placed in one com partm ent of such a -ube, the other having its sides coated w ith a th in film of dry eosine, no fluorescence takes place till tim e has been given for diffusion. In fact, the rate of diffusion m ay be approxim ately m easured by the Increase in intensity of fluorescence in th a t half of the tube originally ..containing the vapour of the solvent.
Three facts appear, therefore, to be d em o n strated :-F irst, th a t at tbe tem perature a t which the meniscus of a liquid disappears, and a t temperatures above th a t point, b u t no t far removed from it, an in crease of pressure is required to cause dim inution of volume, com parable w ith th a t necessary to compress. a liquid a t a tem perature isomewhat below th a t a t w hich its m eniscus d isa p p e a rs; second, th a t when a m ixture of liquid and gas is m aintained a t a certain volume, the expansion of the liquid on raising the tem perature, so long as it is possible to distinguish liquid from , points to the ultim ate occupying of the whole space by liquid a t tem peratures above which the meniscus becomes in v isib le; and th ird , th a t under such circum stances the liquid retains its solvent powers, while th e gas is incapable of dissolving a solid. A ll these facts point to the conclusion, th a t a t or under such a volume the m atte r is really in the liquid state, whereas at a greater volume, the m atte r m ust be viewed as consisting a t least partially of gas.
No direct experim ents have been made w ith a view to ascertaining whether heat is evolved w hen a gas is converted into liquid by pressure at such high tem peratures. I hope to be able to execute some experi ments which promise some satisfactory answ er to the question.
I t now remains to consider the condition of raising a m ixture of two liquids to such a tem perature th a t th e meniscus disappears. Isotherm s for a m ixture of benzene and ether are given on Table C , and graphi cally represented on the diagram .
The first isotherm a t the tem perature 2150,6 is a t least 20 degrees above the tem perature a t w hich the meniscus of p u re ether disappears, and yet the tension of ether vapour does not m arkedly appear. I f th at curve be constrasted w ith Curve No. V I for ether alone a t 207°' 1, some 8 degrees lower, it is noticeable tha^ dim inution of volume in the latter case is accompanied by a m uch greater rise of pressure th an in the former. The presence of benzene, therefore m ust exert some marked influence on the pressure exercised by eth er vapour, and cause the m ixture to behave to some extent as a single substance. I3ut_ at higher tem peratures th e influence of the ether becomes more marked, and a t the tem perature 240°'7 the critical point is nearly reached. The tube then appeared full of mist, till the volume 40 was reached, when the m ist disappeared, and the tube appeared full of liquid. The pressure at which ether becomes critical is situated about Dr-w * Ramsay.
[Dec. 16. 40 atm ospheres ; th a t a t which benzene reaches the critical state 60*5 and th a t of the m ixture 48. The tem peratures are: ether, 1950.5' m ixture, 240°* 7; benzene, 291°*7. B oth tem perature a n d ' th u s appear to take a position not far removed from the mean of the two.
The definition of the words liquid and gas appears to require more accuracy th an has hitherto been bestowed. As no known aeriform body absolutely obeys th e law of contraction inversely as the pressure, and equal expansion on equal rise of tem perature, there is apparently no instance of a perfect gas, although this state is closely approached by such gases as hydrogen, oxygen, and carbonic oxide, especially a t high tem peratures and not too g reat pressures. A nd the definition of a liquid appears to be a fluid exhibiting surface tension. Now, above the critical point, th is surface tension disappears as has been repeatedly shown. B u t I venture to th in k th a t the possession of surface tension is not a criterion of the existence of a liquid. And a most striking argum ent in support of this theory has lately been furnished by M. Cailletet ( " Compt. B end., " xc, 210) . H e found th a t carbonic anhydride a t a tem perature of 5°*5, when the lower portion of his experimental tube was filled w ith liquid, the upper portion being filled with a mixture of gaseous carbonic anhydride w ith air, mixed w ith the air when a pressure of 130 atm ospheres was applied. The question is a simple one ; does the gas become liquid, or the liquid become gas P Or do they both en ter a state to be called neither liquid nor gas ?
I venture to b ring forw ard a theory, w ith great diffidence, which appears to be supported by num erous observations, viz., th a t there exists a close analogy between the condition of liquid as compared w ith its gas, and of a compound as compared w ith the elements of which it is constituted, and th a t in the evaporation of a liquid we have to do w ith a tru e instance of dissociation, th a t is, a decomposi tion of complex molecules into sim pler ones. M any compounds, when heated, dissociate into th eir elements, or into simpler compounds. The extent of dissociation is a direct function of the tem perature, and an inverse function of the pressure. Thus, amm onium chloride, when heated, dissociates into amm onia and hydrogen chloride; hydrogen iodide into iodine and hydrogen. I t is evidently possible so to regulate tem perature and pressure as to obtain a m ixture of hydrogen iodide w ith hydrogen and iodine in any desired proportion. If the analogy holds, it is possible to obtain a m ixture of liquid molecules w ith gas molecules in any desired proportion ; b u t as surface tension appears to be perm anent u n til liquid and gas reach the same density, mixture does no t occur before th a t point. Still, m ixture may be held to exist to some extent, for the vapour is not a perfect gas, and this is pro bably owing to its containing some liquid molecules among its gaseous ones.
The question is also closely connected w ith th a t of heat of vaporisa tion and heat of combination. I t is possible to exhibit this point more clearly by help of an example. The heat of vaporisation of water, under a pressure of 760 millims. is 513 calories for 1 cub. ■centim. at 100°.
The expansion which the liquid undergoes in becoming gas is represented by the num ber 1623. F rom the know n i equivalent of heat in work, it is easy to calculate the total work necessary to evaporate w ater; and also th e w ork required to expand the substance 1623 tim es against atm ospheric pressure. The w ork done as heat, in the case of w ater is 221'1 kilogram -m etres; and as expansion, 16*6 kilogram -m etres: hence 221*1 -16*6 is w ork done in overcoming molecular resistance. B u t this w ork is infinitely more than is necessary to overcome surface tension, and the m ost probable conjecture is, I venture to think, th a t th e w ork is employed in dis sociating the complex molecules of w ater into sim pler molecules of water-gas. Now, in th e foregoing paper, experim ents have been described which show th a t w hen a liquid is heated in a certain confined space, the results of observation, possible while the liquid is still distinguish able from its gas, lead to th e conclusion th a t a t a tem perature a t which the meniscus of the liquid has disappeared, total expansion o f the liquid will take place, and th a t a certain larg er volume, total evaporation will ensue.
I t m ay be objected th a t B eg n au lt's m easurem ents of th e heat of vaporisation of liquids a t h ig h pressures appear to show th a t it is a quantity dim inishing w ith the tem perature. B u t it has never been shown to be the contrary in th e case of h eat evolved d u rin g chemical combination. Is it not likely th a t there will be a less evolution of heat during the com bination of hydrogen and iodine a t a h ig h th a n a t a low tem perature and pressure ? A nd to re tu rn to M. C ailletet's experiment, is it likely th a t compression, which, as a rule, has the result of turn in g gas to liquid, should in this case change liquid to gas ?
To sum u p : the views expressed in th is paper a re :-(1 ) T h at a gas may be defined as a body whose molecules are composed of a small num ber of a to m s ; (2) a liquid may be regarded as form ed of aggregates of gaseous molecules, form ing a more complex m olecule; and (3) th a t above the critical point, th e m atter m ay consist wholly of gas, if a sufficient volume be allow ed; wholly of liquid if th a t volume be dim inished sufficiently; or of a m ixture of both a t in te r mediate volumes. T hat m ixture is, physically speaking, homogeneous, m the same sense as a m ixture of oxygen and hydrogen gases may be •termed homogeneous ; b u t chemically heterogeneous, inasm uch as it consists of molecules of two different natures. W ken prevented om m ixing by interposing a capillary tube between the two, th e quid and gas retain th eir several properties.
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